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ABSTRACT 


This  report  contains  results  of  propellant  testing  of  LGM-30 
Stage  III  iissected  motors.  Testing  was  accomplished  in  accordance 
with  General  Test  Directive  3 and  MME  74NE102. 

Data  fiom  this  test  period  and  from  previous  test  periods  have 
been  combined  and  included  in  regression  analyses.  Motors  0031064, 
0031134,  0032434,  0033174  and  Grain  131  have  been  combined  in 
composite  regressions.  In  general,  data  are  in  agreement  with  past 
data.  Shore  A hardness  is  an  exception. 

There  are  some  statistically  significant  trends  which  are  not 
of  immediate  concern. 
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Aging  Trend 


ATR 

Degradation 


DTA 

E 

er 

E(t) 

Failure 

Criterion 


"F"  ratio 


MANCP 

MMEMP 


Regression 

Equation 

Regression 

Line 


A change  in  properties  or  performance  resulting 
from  aging  of  material  or  component 

Attentuated  Total  Reflectance 

Gradual  deterioration  of  properties  or 
performance 

Differential  Thermal  Analysis 
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Strain  at  rupture  (in/in) 

Stress  Relaxation  Modulus 
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The  ratio  of  the  variance  accounted  for  by  the 
regression  function  to  the  random  unexplained 
variance.  The  regression  function  having  the 
most  significant  "F"  ratio  is  used  for  plotting 
data.  The  ratio  is  also  use:d  in  detecting 
significant  changes  in  random  variation  between 
succeeding  time  points. 

Propellant  Laboratory  Section,  Directorate  of 
Maintenance,  Ogden  Air  Logistics  Center 

Propulsion  Engineering  Section,  Mechanical  and  Aero 
Engineering  Branch,  Directorate  of  Materiel 
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Y =»  a + bx,  where  x « value  of  the  independent 
variable  In  months. 

Lire  representing  mean  test  values  with  respect 
to  time 


SAMSO 


Space  and  Missile  Systems  Organization,  Air  Force 
Systems  Command 
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Sjj  Standard  error  of  estimate  of  the  regression 

coefficient 

Se  or  Sy.x  Standard  deviation  of  the  data  about  the 

regression  line 
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Deviation  (Sy) 

"t"  test  A statistical  test  used  to  detect  significant 

differences  between  a measured  parameter 
and  an  expected  value  of  the  parameter 
(Determines  if  regression  slope  differs  from 
zero  at  the  95%  confidence  level) 

TCLE  Thermal  Coefficient  of  Linear  Expansion 
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SECTION  I 


INTRODUCTION 


A.  PURPOSE: 

The  purpose  of  testing  was  to  determine  the  effects  of  aging 
on  LGM-30  Stage  III  Dissected  Motors  in  support  of  service  life 
estimates  by  MMEMP.  Secondary  aging’  effects,  if  any,  were  to  be 
determined.  Work  was  performed  in  accordance  with  General  Test 
Directive  GTD-3C. 

B.  BACKGROUND 

Testing  of  propellant  from  dissected  grains  (Grains  131,  216 
and  336)  was  a part  of  the  component  program.  In  1968  ten  dis- 
sected motors  were  secured  and  a separate  testing  program  was  de- 
signed to  complement  the  surveillance  testing  (ATP)  of  block  pro- 
pellant. Additional  motors  and  Grain  70  were  added  to  a revised 
program.  In  1973  three  motors  0031064,  031134  and  0032434  were 
further  cissected  by  Hercules. 

Current  testing  of  dissected  motors  is  limited  to  five  motors 
per  year.  Motor  numbers  0031064,  0031134  and  0032434  will  be 
tested  each  year  together  with  Grain  131.  Grain  70  will  be  tested 
in  even  numbered  years  and  motor  number  0033174  will  be  tested  in 
odd  numbered  years. 

The  test  program  is  shown  in  Table  1-1.  Motor  cast  dates  and 
powder  lot  numbers  for  all  motors  are  shown  in  Table  1-2. 
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TABLE  1-1 


THIRD  stag:  PROPELLANT  PROGRAM 


Test 

Configuration 

Test  Conditions 

Los/  Rate 
Tensile 

1/4"  JANNAF  Dogbone 

77°F,  2.0  in/min 

Failure 

Envelope 

1/4"  JANNAF  Dogbones 

-30,  -10,  20,  77, 
and  130° F 

.02,  0.2,  2,  and 
20  in/min 

Very  Low 
Rate  Tensile 

1/4"  JANNAF  Dogbone 

77°F,  2 x 10~4  in/min 
50%  HH 

Low  Rate 
Biaxial 

3/4"  GL  Rail*  3/16"  thick 

77°F,  0.2  in/min 

High  Rate 
Triaxial 

3/4"  GL  Rail,  3/16"  thick 

77°F,  300  psi  N2 
1000  in/in/min 

High  Rate 
Tensile 

3/4"  GL  Dogbones 
1/2"  thick 

77°F,  1000  in/in/min 

High  Rate 
Hydrostatic 

3/4"  GL  Dogbones 
1/2"  thick 

77°F,  1000  in/in/min 
300  psi 

Stress 

Relaxation 

1/2"  x 1/2"  x 4"  EB 

77°F,  3% 

Hardness 

1/4"  JANNAF  Dogbone  ends 

Shore  A & C 10  sec 

DTA 

.040"  wafers 

12°C  rise/min 

TGA 

.040"  wafers 

9°C  rise  to  ign 
12°C  rise  to  140° 
hold  for  50  min 

Burning 

Rate 

.156  x .156"  x 5" 

500  .P«i* 

Heat  of 
Explosion 

1/2"  x 3/8"  x 2" 

77°F,  N2  pressure 

TCLE 

0.200"  wafer 

5°C  rise/min 

-100°C  to  + 80°C 
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TABLE  1-1  (Cent) 

THIRD  STAGE  PROPELLANT  PROGRAM 


Test 

Configuration 

Test  Conditions 

Case  Bond 
Tensile 

1.128"  dia  milled  from 
1 1/2"  block 

CES 

0.1  in /min 

Case  Bond 
Peel 

1 block  3"  wide  cut  in 
3 strips 

CHS 

5 in/min 

ATR 

.118  x .709  x 2.008" 

TABLE  1-2 


Motor  Nr 

Grain  70 
Grain  131 
00  31036 
00  31057 
00  31064 
00  310S7 
00  3L34 
00  31*36 
00  31158 
00  32248 
00  322.07 
00  32116 
00  32133 
00  32137 
00  32140 
00  32434 
00  32831 
00  33174 


MOTOR  CAST  HATES 


Powder  Lot 

SR-47-60' 

SR-69A-SO 

SR-100-61 

SR-68-62 

SR- 56-62 

SR-68-62 

SR-68-62 

SR-68-62 

SR-68-62 

SR-58-63 

SR-28-63 

SR-28-63 

SR-51-63 

SR-51-63 

SR-28-63 

RAD-1-1-63 

RAD-1-8-65 

RAD-1-10-66 


Cast  Date 


Jun 

60 

21 

Jan 

61 

3 

Oct 

62 

23 

Oct 

62 

21 

Oct 

62 

8 

Dec 

62 

28 

Jan 

63 

2 

Feb 

63 

20 

Feb 

63 

28 

Aug 

63 

19 

May 

63 

17 

May 

63 

10 

Jun 

63 

13 

Jun 

63 

29 

Apr 

63 

21 

Jan 

64 

29 

Jun 

65 

20 

Jan 

67 
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SECTION  II 


SUMMARY  AND  EVALUATION  OF  TEST  RESULTS 


Test  results  are  summarized  by  the  significance  of  the  "t" 
test  in  Table  2-1.  Using  the  regression  line,  the  coefficient 
of  variation  at  10  years  has  been  determined  for  several  tests, 
and  this  data  is  summarized  in  Table  2-2.  Strain  at  maximum 
has  been  determined  for  individual  motors. 

There  ere  noticeable  discrepancies  when  the  significance 
of  the  slope  is  examined  particularly  for  uniaxial  tensile  at 
2 in/min.  Although  the  combined  data  shows  a significant  increase 
in  strain,  motors  0031064  and  0033174  show  a significant  decrease. 
Other  tensile  tests  (very  low  rate  biaxial  and  high  rate  triaxial) 
show  an  increase  in  strain  for  the  composite  regression.  Decreases 
for  individual  motors  are  not  significant. 

Table  2-2  shows  clearly  the  differences  in  the  powder  lots. 
Strain  at  maximum  stress  is  higher  for  Sunflower  lots  than  for 
Radford,  and  in  general  Gr  131  falls  between  the  average  of  the 
other  values. 

Relaxation  modulus  shows  a significant  increase  not  only  for 
the  composite  regression  but  for  individual  motors  as  well. 

Shore  A hardness  composite  regression  shows  a significant 
decrease.  The  shift  in  trend  has  resulted  from  the  1973  values 


■ . 


which  are  lower  than  for  any  previous  teat  period.  Shore  C 
hardness  shows  a significant  increase. 

Storage  shear  modulus  continues  to  show  a decrease  while 
loss  tangent  shows  a significant  increase. 

Case  bond  tensile  shows  a significant  increase  in  strength. 
Although  the  average  peel  strength  of  the  composite  shews  s 
significant  decrease  only  motor  0032434  shows  this  trend. 

Despite  sane  inconsistencies  in  the  data  in  sane  tests, 
there  does  not  appear  to  be  any  trend  of  immediate  concern. 
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OF  TEST  RESULTS 


ppm 


Coefficient  of  Variation  at  10  Years 
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SECTION  III 


STATISTICAL  APPROACH 

Data  from  testing  of  motors  0031064  , 0031134  , 0032434  , 0033174 
and  Graii  131  are  used  in  composite  regressions  in  this  report. 
Although  Sunflower  and  Radford  powder  lots  are  combined  in  these 
statistical  analyses,  covariance  analysis  indicates  that  the  lots 
are  dissimilar  and  technically  should  not  be  combined  (Sre  Tables 
3-1  and  3-2).  However,  based  on  Service  Engineerings'  request 
composite  regressions  were  made.  These  tables  represent  stored 
test  date*  including  1973  testing  where  this  was  available  (i.e. 
low  rate  tensile) . 

A linear  trend  analysis  has  been  used  throughout.  Variation 
in  some  test  data  is  very  large.  "Signif icant'*  in  this  report 
refers  to  the  statistical  significance  of  "t"  or  slope. 

Motors  have  not  been  identified  on  the  data  plots  since  the 
composite  regressions  represent  the  average  of  test  data  for  that 
age.  The  limits  about  regression  change  the  scale  of  values  so 
that  it  is  difficult  to  make  direct  comparisons  between  motors 
and  between  parameters. 
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SECTION  IV 


LOW  RATE  TENSILE 

The  specimens  used  were  modified  JANNAF  dogbones  1/4"  thick  in 
a Class  B grip  and  tested  in  tension.  The  Instroo  crosshead  speed 
was  2 in/min  (strain  rate  0.667  in/in  min). 

Regression  analyses  of  the  5 motor  composite  (motors  31064, 
31104,  32434,  33174  and  Grain  131)  are  shown  in  Figures  4-1  thru 
4-5.  Only  strain  at  rupture  does  not  show  a significant  increase. 

Individual  motors  do  not  show  the  same  trend  for  strain  at 
maximum  stress.  Motors  31064  (Figure  4-6)  and  33174  (Figure  4-9) 
show  a significant  decrease;  motors  31134  (Figure  4-7)  and  Grain  131 
(Figure  4-1C)  show  a significant  increase;  and  motor  32434 
(Figure  4-8)  does  not  exhibit  a significant  change. 

When  these  analyses  are  examined  for  the  relationship  between 
1968  and  1973,  it  is  evident  that  the  data  are  quite  dissimilar. 

In  no  instance  did  the  1973  data  show  equivalence  with  the  1968 
data. 

Failure  envelopes  were  plotted  by  the  computer  (Figures  4-11 
thru  4-15) . All  motors  showed  a point  of  coincidence  at  approxi- 
mately 16%  strain,  but  diverge  on  either  side  of  the  small  area 
of  agreement. 
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FIGURE  4-13 


FIGURE  4-15 


I 


SECTION  V 


VERY  LOW  RATE  TENSILE 


The  specimens  used  used  were  modified  JANNAF  dogbones  1/4"  thick. 
Specimens  were  tested  at  a crcsshead  speed  of  2 X 10“^  in/min  (strain 
rate  of  . »67  X 10“^  in/ in/min)  at  a relative  humidity  of  50  + 5%. 
Equipment  failure  reduced  the  humidity  which  affected  the  data  as 
shown  in  Table  5-1. 

Regressions  for  the  five  motor  composite  are  given  in  Figure 
5-1  thru  5-5.  Stresses  show  a significant  decrease  but  modulus 
shows  a significant  increase.  There  is  no  significant  change  in 
strain. 

There  are  differences  between  the  data  from  low  rate  tensile 
and  very  low  rate  tensile  data.  Strain  at  maximum  stress  shows  a 
significant  increase  at  2 in/min  compared  to  an  insignificant 
increase  at  2 X 10”^  in/min.  Maximum  stress  shows  a significant 
increase  at  2 in/min  with  no  significant  change  at  the  lower  rate. 
Both  sets  of  data  show  a significant  increase  In  modulus. 

Motor  0C31C64  shows  a significant  increase  in  strain  at  max- 
imum stress  (Figure  5-6) . Other  motors  do  net  show  a significant 
change  (Figures  5-7  thru  5-10) . 
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TABLE  5-1 
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I EFFECT  OF  HUMIDITY  ON  TEST  DATA 
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Motor  Nr 

Humidity 
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SECTION  VI 


LOW  RATE  BIAXIAL 

A 3/4,:  GL  rail  specimen,  3/16"  thick  is  used  for  this  test. 

The  specimens  are  tested  on  the  Instron  Tensile  Tester  at  a cross- 
head speed  of  0.2  in/min  (strain  rate  of  .1143  in/in/min) . 

Strains  for  the  five  motor  composite  show  a significant  in- 
crease while  the  stresses  do  not  show  a significant  change  (Figure 
6-1  through  6-4).  Modulus  shows  a significant  decrease  (Figure  6-5). 
However,  there  was  only  one  data  point  available  for  each  motor  for 
1972  and  1973.  The  regression  analyses  was  conducted  using  this 
limited  data  base  inorder  to  satisfy  Service  Engineerings'  require- 
ments to  establish  an  aging  trend  for  this  test,  recognizing  that 
the  validity  was  compromised  by  the  limited  sampling. 

The  significant  increase  in  strain  is  probably  due  to  long 
storage  after  cutting.  For  the  three  motors  first  tested  in  1968, 
the  strains  are  now  approximately  11%  higher  than  in  1968.  The 
stress  data  do  not  show  a consistent  increase. 

Strain  at  maximum  stress  for  Motors  0031064  and  0031434  shows 
a significant  increase  (Figures  6-6  and  6-8).  There  is  no  signifi- 
cant change  fcr  the  other  motors  (Figures  6-7,  6-9  and  6-10). 
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FIGURE  6-ix 
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TENSILE  STRAIN  RT  MRX  STRESS,  MOTOR  e 0033174,  STRN  RT 
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FIGURE  6- 


SECTION  VII 


> 

t 


HIGH  RATE  TRIAHAL 

A 3A"  GL  rail  specimen*  3/16"  thick  is  used  for  this  test. 

The  specimens  are  tested  on  the  Plastechon  at  a crosshead  speed 
of  1750  in/min  under  300  psi  Ng. 

Strains  for  the  five  motor  composite  show  a significant  increase 
(Figures  7-1  and  7-3).  Maximum  stress  does  not  show  a significant 
increase  (Figure  7-2)  but  stress  at  rupture  does  show  a significant 
increase  (Figure  7— it).  Modulus  does  not  show  a significant  decrease 
(Figure  7-5). 

Three  of  the  five  motors  do  not  show  a significant  increase 
in  strain  a';  maximum  stress  (Figures  7-6,  7-7  and  7-10).  Both  motors 
32li3U  and  3317U  do  show  a significant  increase  in  this  parameter 
(Figures  7-8  and  7-9). 
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STRAIN  AT  RUPTURE,  1750  BJ/MIN  TRIAXIAL  TENSILE  AT  300  PSI,  5 MOTOR  COMPOSITE 
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FIGURE  7-3 
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HIGH  RATE  TRIAXIAL  TENSILE  STN  AT  MAX  STRESS  CHS  1750.0  300  PSI  0032 h3k 
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FIGURE  7-9 


SECTION  VIII 


STRESS  RELAXATION 


End  bonded  1/2"  x 1/2"  x 4"  specimens  are  tested  on  the  RCK 
Stress  Ralaxometer.  Specimens  are  strained  Initially  to  3 Z and 
teen  permitted  to  relax  up  to  1000  seconds.  The  strain  rate  is 
0.5  in/in/min. 

Stress  relaxation  modulus  for  the  five  motors  composite  shows 
a significant  increase  (Figure  8-1  thru  8-4). 

A comparison  with  1968  data  shows  that  Motor  0031064  has  a 
slightly  higher  modulus  now  (1065  psi  vs  1197) , > _ja134  remains 
the  same  (1123  psi  vs  1153),  and  0032434  is  higher  (1176  psi  vs 
1457) . 

When  10  sec  and  1000  sec  relaxation  modulus  is  examined  for 
individual  motors  the  trend  is  significant  for  motors  0031064, 
0031134  and  0032434.  There  is  no  trend  for  0033174.  The  modulus 
at  1000  sec  is  less  than  50%  of  the  10  sec  value.  Motor  0031064 
shows  approximately  50%  reduction  but  motors  0032434  has  a 1000 
sec  modulus  which  is  more  than  60%  of  the  10  sec  value. 
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SAMPLE  SIZE  S 


Figure  8-8 
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SECTION  IX 


HIGH  RATE  TENS  IT  J3 


In  an  effort  to  bring  the  MANCP  program  closer  to  the  proposed 
LRSLA  program,  limited  dogbones  were  tested  under  high  rate  condi- 
tions. Data  with  and  without  pressure  are  given  in  the  table 
below. 


High  Rate  Dogbones  - EGL  1.75  CSA  0.1875 
Without  Pressure 


Motor 

Test  Date 

an 

Sm 

er 

Sr 

E 

31134 

74028 

.329 

1552 

.334 

1546 

7547 

.339 

1543 

.348 

1532 

7289 

32434 

.361 

1351 

.364 

1345 

5028 

.312 

1461 

.323 

1456 

6870 

.304 

1486 

.311 

1477 

6645 

33174 

.297 

1465 

.304 

1455 

7032 

.294 

1459 

.299 

1454 

7717 

.310 

1487 

.321 

1476 

6902 

31134 

74165 

300 

.324 

psi 

1343 

.335 

1334 

5483 

.301 

1379 

.308 

1369 

6058 

.301 

1290 

.305 

1286 

5550 

32434 

.329 

1261 

.347 

1247 

5684 

.343 

1277 

.347 

1270 

5409 

.306 

1474 

.309 

1464 

8375 

33174 

.290 

1281 

.300 

1270 

6155 

.311 

1334 

.320 

1325 

6020 

.324 

1413 

,329 

1408 

6494 

From  this  data,  there  does  not  seem  to  be  an  appreciable 


difference  between  specimens  tested  with  and  without  pressure. 

The  expected  increase  in  strain  capability  is  absent.  This  may  be 
a result  of  the  longer  storage  after  specimen  preparation. 
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SECTION  X 
HARDNESS 

Shore  A and  Shore  C duroneter  readings  are  taken  on  JANNAF 
dogbone  ends  prior  to  tensile  testing. 

There  is  a significant  decrease  in  Shore  A 10  second  readings 
(Figure  1C-1) . This  trend  is  undoubtedly  the  result  of  the  lower 
values  for  1973  testing. 

There  is  a significant  increase  in  Shore  C 10  second  readings 
(Figure  10-2).  There  is  no  consistency  of  readings  between  Shore  A 
and  Shore  C,  that  is,  the  lows  and  highs  do  not  show  up  in  both 
sets  of  data  at  the  same  test  period. 
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SECTION  XL 


THERMAL  ANALYSIS 

Thermo-analytical  testing  was  limited  during  this  test  period. 
The  new  TGA  was  not  available  and  testing  of  TCLE  was  delayed  so 
long  that  the  data  are  not  comparable  to  previous  data.  The  Tg  of 
the  recent  tests  is  lower  and  the  TCLE  after  transition  is  also 
lower . 

A.  Heat  of  Explosion 

This  test  in  run  on  a 5 gram  sample  in  the  Parr  Adiabatic  Cal- 
orimeter under  25  atm  of  nitrogen. 

The  five  motor  composite  shows  a significant  increase 
(Figure  11-1) . This  change  from  lowest  to  highest  values  represents 
a spread  of  less  than  2%  of  the  caloric  value. 

B.  Burning  Rate 

This  test  is  performed  on  surtax-inhibited  strands  of  pro- 
pellant (.156"  x .156"  x 5")  at  500  psi  N£  in  the  Strand  Burner 
Teat  Apparatus. 

The  five  motor  composite  has  not  shown  a significant  change 
(Figure  11-2). 
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SECTION  XXII 


CASE  BONDS 


The  caoe-liner  bond  systan  has  been  tested  for  tensile  strength 
and  peel  strength. 

A.  The  case  bond  tensile  specimens  were  tested  on  the  Instron  at  a 
crosshead  speed  of  o.l  in/min.  The  specimens  usually  failed  cohe- 
sively in  the  propellant  with  some  failures  in  the  embedment  grain. 

The  composite  regression  sh?ws  a significant  increase  in  ten- 
sile bond  strength  (Figure  12-1) . Individually  the  motors  show  a 
significant  increase  (Figures  12-2  thru  12-6)  except  0033174 
(Figure  12-5) . 

The  1968  and  1973  data  for  0031064  are  very  close.  Both  sets 
of  data  are  lower  than  for  any  other  years  (Figure  12-2) . The 
same  is  true  of  0031134  and  0032434  (Figure  12-3  and  4)  . Grain  131 
has  a higher  value  than  in  1968  and,  in  fact,  is  greater  than  for 
any  other  test  period  (Figure  12-6) . 

B.  The  case  bond  peel  specimens  were  tested  on  the  Instron  at  a 
crosshead  speed  of  5 in/min  in  the  90°  peel  fixture.  Motors  0031064 
and  0031134  showed  embedment  grain  to  resin  failure.  Motor  0032434 
rubber  to  resin  failure  and  motor  0033174  showed  cohesive  failure 

in  embedment  grains,  resin  to  grain  failure  and  cohesive  failure  in 
resin.  One  peel  strip  for  Grain  131  showed  excellent  embedment 
with  cohesive  failure  in  the  granules.  The  other  two  showed 
approximately  40%  exposure  of  rubber. 


Average  peel  strength  shows  a significant  decrease  for  the 
five  motor  composite  (Figure  12-7) . The  change  in  peel  strength 
is  not  significant  for  motors  0031064,  0031134  and  0033174  (Figure 


12-8,  9 and  11) . Motor  0032434  shows  a significant  decrease 


(Figure  12-10)  and  Grain  131  shows  a significant  increase 
(Figure  12-12) . 
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CfiSE  BONO  TENSILE  MAXIMUM  STRESS,  CSfl  t.O,  STN  RT  0-,  l , MOTOR  * 0033174 

FIGURE  12-5 
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FIGURE  12-10 





AVERAGE  CASE  BOND  PEEL,  CHS  5.0  1N/MIN.  MOTOR  a 00GR131 


SECTION  XIII 


DYNAMIC  RESPONSE 

This  test  uses  a Gottenberg  disc  3.3"  in  diameter  with  a 
125  gm  center  weight.  An  Unholtz-Dickie  apparatus  is  used  and 
the  specimen  tested  at  0.5  g through  a range  of  frequencies. 
Reduced  data  from  200  and  600  Hz  are  shown  in  regression. 

Storage  shear  modulus  at  200  Hz  does  not  show  a significant 
change  (Figure  13-1) . At  600  Hz  there  is  a significant  decrease 
(Figure  13-2) . 

Loss  tangent  increases  significantly  at  200  and  600  Hz 
(Figure  13-3  and  13-4) . 
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